Patterns of Avifauna use of Constructed Wetlands in the Beaver Creek Wetland Complex, Menifee County, Kentucky by Kenawell, Michael E.
PATTERNS OF AVIF AUNA USE OF CONSTRUCTED WETLANDS IN THE 
BEA VER CREEK WETLAND COMPLEX, MENIFEE COUNTY, KY 
A Thesis 
Presented to 
the Faculty of the College of Science and Technology 
Morehead State University 
In Partial Fulfillment 
of the Requirements for the Degree 
Master of Science 
by 
Michael E. Kenawell 
April 16, 2002 
/11 s u fh. eseS 
517, t. S 
K--?J3r 
Accepted by the Faculty of the College of Science and Technology, Morehead State 
University, in partial fulfillment of the requirements of the Master of Science degree. 
Master's Committee: 
li.-fiw/,1 ~?.... 
Date 
~- C-~ 
Director of Thesis 
'1f,.:._.,c.~ , Chair 
JJaJj. ~ 
Q;efLt-<YD>-»tk---
ii 
PATTERNS OF A VIF AUNA USE OF CONSTRUCTED WETLANDS IN THE 
BEAVER CREEK WETLAND COMPLEX, MENIFEE COUNTY, KY 
Michael E. Kenawell, M.S. 
Morehead State University, 2002 
Director of Thesis: ~ o,?'0 
....... 
ABSTRACT 
Wetlands are being constructed in an attempt to replace wetland functions lost due to 
urban and agricultural development. Despite the rapid pace of wetland construction 
for mitigation, few follow-up studies have been done to determine if the constructed 
wetlands look and function like the system they were designed to replace. Birds can 
provide a good indication of functional success, because the presence and breeding of 
wetland species should suggest the life requirements (food production, habitat, and 
hydrology) are being met. In this study, we examined avifauna use in 13 created 
wetlands south of Cave Run Lake in the Beaver Creek Wetland Complex, Menifee 
County, Kentucky. We compared avifauna diversity and species present to those 
found in a nearby natural oxbow (the reference site). Constructed wetlands show 
little similarity when comparing total avifauna richness and diversity, while obligate 
richness and abundance are similar to the reference site. Regression analysis found 
l11 
wetland size positively correlates with avifauna richness (p = 0.003, r = 0.526) and 
abundance (p = 0.002, r = 0.553), while wetland age did not correlate significantly 
with richness and abundance (p > 0.05). Community similarity to the control ranged 
from 0.479 to 0.752. Species diversity was inversely correlated with habitat diversity 
(p = 0.004, r = 0.478). Factors that affect the amount of bird use include wetland 
morphology (greater variability is better) and vegetation establishment(,-, 50% of the 
wetland is optimal). 
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I. INTRODUCTION 
The United States has experienced a decline in wetland area; within 200 years, 
the contiguous 48 states have lost 53% of their wetlands (Bishel-Machung et al., 
1996). Kentucky lost nearly 81 % of its wetland area between 1780 and 1980 (Dahl, 
1990). This habitat loss has resulted in declining populations of plants and animals 
dependent on wetlands for survival. Nearly half of the 800 species of migratory birds 
in the United States rely on wetlands to fulfill their life history requirements 
(Wharton et al., 1982). 
To combat these losses, compensatory mitigation by constructing or restoring 
destroyed wetland acreage has become common. A problem that has arisen is 
quantification of wetland restoration success (Cole and Brooks, 2000). Assessment 
of restored/constructed wetland success is a challenging task because of various 
levels on which success can be measured (Brinson, 1993). Evaluating the degree to 
which the wetland's ecological functions have been restored and whether the system 
is biologically viable and sustainable determine functional success. Even with current 
minimal standards for success, most mitigation projects fail to meet their objectives 
(Zedler and Calloway, 1999). 
1.1 Assessment of Success 
Compliance with permit conditions set forth by regulating agencies (United States 
Army Col]l of Engineers) is a poor estimate of functional success (Cole and Brooks, 
2000). Mitigation involves not only replacing lost wetland area, but also attaining 
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wetland functions commensurate with those lost or diminished. Wetland protection 
policies on wetland mitigation are inadequate due to ignorance of wetland functioning 
at the landscape level (Whigham, 1999). For example, Gwin et al. (1999) found 
mitigated wetlands, constructed under federal wetland regulations, consisted 
primarily of ponded wetlands, creating a national shift in the type of wetlands found 
within the U.S. landscapes from emergent and palustrine to inundated. This shift will 
certainly result in losses or changes in the ecological and hydrological functions of 
the surrounding ecosystems. 
Specific goals are required to insure that wetland design achieves desired 
outcomes (Mitsch and Gosselink, 2000). Goals for constructed wetlands usually 
include restoring floral and fauna! diversity and sometimes providing services, such 
as flood containment and water quality improvement (Zedler, 2000). Wetland 
landscape position is important in determining whether a wetland will become a 
functional unit of the region (Kentula, 2000). For example, riparian wetlands assist 
adjacent streams by intercepting surface and groundwater runoff and sediment and 
nutrient removal, as well as providing a water source during droughts. Isolated 
wetlands (e.g. prairie potholes) provide important feeding and breeding sites for 
migratory waterfowl as well as maintaining general plant and animal biodiversity 
(Whigham, 1999). 
Hydrology plays the critical role in creating a successful wetland design. If the 
proper hydrologic conditions are produced, the biological and chemical conditions 
will respond accordingly (Mitsch and Gosselink, 2000). Young (1996) emphasizes 
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the establishment of correct hydroperiods, the length of time and time of year when 
the wetland is inundated or saturated with water, to produce functional wetlands. 
Wetland success requirements can stipulate hydroperiods. Mitsch and Gosselink 
(2000) suggest that wetlands with varying water depths over time have the greatest 
likelihood of developing a diversity of plants, animals, and biogeochemical processes. 
Success for mitigated or created wetlands can be measured by focusing on the 
wetland's function within the surrounding landscape (Federal Register, 1997). The 
hydrogeomorphic (HGM) classification is an assessment method that utilizes a 
landscape perspective to categorize wetlands with similar characteristics, both 
hydrogeologically and functionally, into distinct classes (Brinson, 1993; Kentula, 
2000). The HGM model allows for wetland creation goals to be selected and used in 
evaluating whether these standards have been reached, based on information collected 
from each class/category reference wetland (Whigham, 1999). 
Landscape success is a measure ofhciw restoration/creation has helped to 
maintain or increase the ecological integrity of the region or landscape (Kentula, 
2000). There is a need to assess constructed wetlands on other spatial and temporal 
scales. Some factors often evaluated during functional assessment include vegetation 
cover, soil analysis, measurements of fauna, and hydrologic characteristics (Kentula, 
2000). 
Successful wetland creation depends heavily upon landscape placement; 
however, the topographic relief within individual wetlands can determine biological 
success or failure. The development ofmicrotopography and macrotopography 
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within wetland boundaries benefit flora and fauna by providing a variety of habitats. 
Varying relief in created wetlands can support a multitude of aquatic plants, allowing 
numerous species of wildlife (waterfowl, shorebirds, mammals, etc.) to thrive within 
a similar ecosystem (Natural Resources Conservation Services Technical Note, 
2000). Extensive microtopographic relief more accurately mimics natural wetland 
substrate, and therefore can reduce the chances of channelization, and allow for 
natural ecosystem development (Zedler, 2000). 
The assumption that created wetlands function similarly to natural systems is 
questionable. Bishel-Machung et al. (1996) found soils of 44 reference wetland 
creation projects in Pennsylvania to have lower organic matter content, creating 
higher pH, bulk density, matrix chroma and lower total nitrogen relative to natural 
wetlands. The use of salvage marsh surface (SMS) (Stauffer and Brooks, 1997) and 
transplanted wetland soil (Brown and Bedford, 1997) on created wetlands can greatly 
increase success by providing plant density and total vegetative cover similar to 
natural wetlands. Establishment ofhydric soils and vegetative cover is essential for 
wildlife habitat development. 
1.2 Birds as Indicators of Success 
Knowledge concerning species relationships within wetland habitats is 
limited. Particularly, relationships between avifauna communities and wetland 
habitat attributes have not been clearly defined (Anderson et al., 1983). Wetlands 
often function as discrete ecosystems within upland habitats (Grover and Baldassarre, 
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1995), with area and isolation known to influence bird species richness in habitat 
"islands" such as woodlots, cemeteries, parks, and prairie remnants (Brown and 
Dinsmore, 1986; Gavereski, 1976; and Galli et al., 1976). Constructed wetlands fall 
under these same constraints of area and isolation for influencing bird species 
richness. Grover and Baldassarre (1995) found a positive correlation between 
wetland area and bird species richness within beaver ponds in south-central New 
York, while Brown and Dinsmore (1986) found an increase in species richness with 
increasing area in area marshes, but the rate of increase decreased as the wetlands 
became larger. Kent (1994) suggests wetland design efforts should focus on placing 
individual populations as close as possible to each other to minimize transit time. 
Wildlife habitat value monitoring and analyses of mitigated wetlands has been 
scarce (Brown and Smith, 1998). This is due to a shortage of satisfactory methods 
available to determine the "success" of restored wetlands in replacing the natural 
functions of the original wetland (Mitsch and Gosse link, 2000). Avifauna use of 
constructed wetlands is one method of determining "successful" replacement of 
natural wetland functions. Brown and Smith (1998) reported that restoration projects 
that succeed in establishing wetland vegetation often have significant wetland bird 
use. Waterfowl are an indicator of wetland health and function, denoting the 
presence of aquatic insects and vegetation suitable to sustain breeding populations. 
Melvin and Webb (1998) found that created salt marshes are valuable to some species 
(gulls and terns), but lack the species diversity found in natural salt marsh 
communities. Erwin et al. (1991, 1994) found significantly more seasonal use of 
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managed salt marshes by waterbirds (waterfowl, wading birds, shorebirds, gulls, and 
terns) over natural marshes. Shorebirds were shown to favor managed coastal 
wetlands during high tide and from March to May when invertebrate densities were 
higher than in natural marshes (Yv eber and Haig, 1996). 
Certain characteristics of created wetlands may enhance use by avifauna. 
Brown and Smith (1998) reported the use of water control structures allowed for the 
manipulation of wetland vegetation cycles to mimic natural wetlands. Periodic 
drawdowns have been shown to improve emergent plant cover (Yveller, 1978), which 
is important in providing microhabitats for waterfowl (Melvin and Webb, 1998). The 
production of a 50:50 ratio of open water to emergent vegetation was considered 
optimal for maintaining duck populations in the Daniel Boone National Forest 
constructed wetlands (Haight and Reeder, 1997). 
1.3 Study Goals and Objectives 
The Daniel Boone National Forest (DBNF) covers more than 231,105 
hectares ofland in eastern Kentucky. Wetlands are rare habitats within the National 
Forest, comprising 77 ha or 0.03% of forest land (Beibighauser, personal comm.). In 
attempts at recovering these habitats, the United States Forest Service, Morehead 
Ranger District, has constructed over 100 wetlands since 1989 (Beibighauser, 
personal comm.). The Forest Service is working to restore wetlands in the Licking 
River Valley. The wetlands are designed to provide habitat for breeding and 
migratory waterfowl. 
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The objectives of this study are to (1) determine if the constructed wetlands 
have obligate avifauna populations similar in richness, diversity, and abundance to a 
natural (reference) wetland, (2) compare physical components (size, depth, and 
bathyrnetry) and ecological factors (habitat diversity) among constructed wetlands 
and between created and natural wetlands, (3) determine the effects of wetland area 
and age on bird species richness, ( 4) compare various components of constructed 
wetlands ( age and habitat diversity) in an attempt at establishing when created 
wetlands reach functional status comparable to natural wetlands. 
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II. METHODS 
2.1 Study Area 
Study wetlands are located southwest of Cave Run Lake in Beaver Creek Wetland 
Complex within the Daniel Boone National Forest, Morehead Ranger District, in 
Menifee County (Figure !). The complex contains 42 constructed wetlands, of 
various ages (1-11 years) and sizes (0.03-2.2 ha), built to enhance waterfowl 
populations. Thirteen sites were selected based on their age of construction; two sites 
per year selected from 1989, 1992, 1993, 1996, 1998, and 1999 and one site from 
1995 (Table !). All study sites were similar in size, shape, and landscape position but 
varied slightly in depth(~ 50 cm between all wetlands) and bottom morphometry 
(Appendix A). Vegetation was permitted to establish naturally within the wetlands. 
A majority of the wetlands have water control devices to allow drawdown periods to 
increase aquatic insect populations and suitable plant growth for waterfowl 
establishment, but none were utilized during this study. Beaver Creek, a tributary of 
the Licking River, is located south of Cave Run Lake and runs parallel with many of 
the wetlands. Wooded slopes, which included sycamore (Platanus occidentalis) and 
silver maple (Acer saccharinum ), surround the wetlands on the upland side, while 
approximately 22 ha of planted wildlife food ( corn, grass, clover, and wheat) have 
been developed on the western portion of the complex (Haight, 1996). 
The reference site is adjacent to Route 60 West, near Farmers, Rowan County, 
Kentucky (Figure 1). The watershed consists primarily ofbottomland hardwood 
forests ( sycamore, silver maple, green ash, etc) with a grass field located northwest of 
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Figure 1. Locations of Beaver Creek Wetlands and reference 
wetland in northeastern Kentucky 
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Table 1. Physical characteristics for the Beaver Creek wetlands, in Menifee County, 
and the reference wetland, in Rowan County, Kentucky 
Wetland Age (yrs) Size (ha} Average Depth (cm) Toe Soil Saved? 
1 11 1.9 80.8 Yes 
7 8 0.9 44.5 Yes 
14 8 1.3 44.8 Yes 
16 7 0.1 28.5 Yes 
17 11 2.6 73.2 Yes 
20 5 0.7 37.3 Yes 
25 7 0.6 22.7 Yes 
33 4 0.1 38.9 Yes 
34 4 0.6 41.5 Yes 
35 2 0.6 47.2 Yes 
36 2 0.4 42.6 Yes 
38 1 0.6 39.1 Yes 
40 1 0.1 38.6 No 
REF >75* 0.8 23.7 NIA 
Average 10.5 0.8 43.1 
* Based on historical aerial photographs provided by the U.S. Forest Service, Morehead 
Ranger District. 
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inflow. Hardwood forest surrounds the perimeter with intermixed shrubs and scrub 
cover. Woody debris and emergent vegetation cover a majority of the oxbow, leaving 
one-third open water. 
2.2 Avifauna Surveys 
Avifauna were sampled at approximately thirteen sites within the Beaver 
Creek Wetland Complex and at one reference site. These sites were sampled across 
three seasons, beginning in spring (May 2000) and concluding in winter (December 
2000). Study sites were visited twice a week (7 sites/day) for the first five months of 
the study and once every other week for the final three months, with sampling days 
varying throughout the study. Observations began at approximately 06:00 am and 
ended by 11:00 am, following methods established by Smith and Twedt (1999). The 
sampling schedule of the pond visits was rotated to ensure all sites were sampled 
during the early and late morning periods throughout the study, to eliminate count 
bias of birds seen only at early or later time periods (Brown and Smith, 1998). 
Avifauna were sampled using an unlimited-radius point count within each 
pond (Reynolds et al., 1980). Counts were restricted to birds within the wetland 
boundary, determined on the basis of vegetation (Brown and Smith, 1998). All birds 
counted were either seen or heard in the wetland or within the canopy surrounding the 
wetland. Birds flying over the wetland were counted if flying near tree height or 
lower (Grover and Baldassarre, 1995). Obligate wetland birds were considered as 
those found only in close association with wetlands or other types of aquatic habitats. 
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Each pond was approached from the same point during each sampling period. 
Birds flushed from ponds during initial contact were included in the count. Prior to 
entering each wetland, open water areas were scanned for waterfowl and observations 
were recorded (Naugle et al, 2001; Fairbairn and Dinsmore, 2001). Point counts 
lasted 10 minutes; afterward the pond was traversed around its perimeter to flush any 
hidden species. Observations were conducted in all weather conditions except 
periods of high winds and thunderstorms. Bird identifications were confirmed with 
the aid of Peterson (1980) and Walton (1998). 
2.3 Transects of Vegetation and Morphometric Measurements 
Plants were sampled using quadrants (0.25-m2) placed at 5 meter intervals 
along each transect. Three to four transects were employed for each wetland 
depending on size. Lengths of each transect depended on placement and the 
morphology of each wetland. Plants were keyed out to species when possible using 
Biel and Thieret (1986). Shrubs and trees were included if standing in the water 
when the wetland was at average water capacity. 
Wetland morphological characteristics were measured to compare constructed 
ponds to the reference site. Three transects were randomly selected in each wetland 
and depth measurements were taken every five meters. Morphology maps were 
constructed of bottom topography using the methods of Wetzel and Likens (1990) 
(Appendix A). 
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To assess morphometric complexity, average depth and standard deviation 
were calculated for each pond. Standard deviation for individual pond depth was 
divided by a known distance (10 meters) to determine the degree ofbathymetric 
change per 10 meters. 
2.4 Chemical Measurements 
Water samples were taken from each study pond once a month from June to 
August. Samples were drawn randomly from areas containing emergent vegetation, 
submergent vegetation, or areas lacking vegetative cover. Water was collected in 500 
ml acid washed sample bottles at approximately 0.25-0.5 m below the surface at each 
site. Each sample was filtered through a 0.45 micrometer Whatman GF/A filter on 
site. The filter was placed in a centrifuge tube wrapped in aluminum foil and placed 
on ice. Water samples and filters were transported, on ice, back to the laboratory and 
stored at -5°C until analysis. 
Soluble reactive phosphorus (SRP) was measured using the ascorbic acid 
method (EPA Method 365.3), ammonium-nitrogen (NH-i +_N) using the Nessler 
method (EPA Method 350.2), nitrate-nitrogen (N03-N) using Accuvac ampules 
(Wetzel and Likens, 1991). Filters were homogenized in 90% alkalized acetone then 
analyzed for chlorophyll a as.outlined in Arar and Collins (1997). 
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2.5 Avifauual Analysis 
Species richness (number of species) and abundance (number of birds 
observed) were used to evaluate percent obligate species use of wetlands compared to 
total species observed. Species diversity was calculated for each wetland using 
Shannon's index (Shannon, 1948, as described in Brower et al., 1998), allowing for 
comparison of avifauna richness and evenness between wetland ponds. High species 
diversity indicates a complex community capable of supporting complex food webs 
through high nutrient availability; 
Principal component analysis (PCA) was used to assess the correlation 
between bird distribution and habitats (Meffe and Sheldon, 1988). The PCA is used 
to investigate linear patterns of similar changes among several variables. Each 
sample unit (i.e. pond) was then arranged along the trend shown by the principal 
component (Anderson et al., 1983). Eigenvalues were generated to determine the 
amount of total variation that is displayed on the principal component axes (PC axes). 
Eigenvectors define the relation of the principal component axes to the original data 
axes. Eigenvector numbers associated with the principal component axes show the 
relative contributions of each original variable to the PC axis (Wiley, 1981 ). In this 
study, the test places individual species or groups of avifauna with specific habitat 
characteristics ( open water, vegetation, average depth, etc.) and identifies correlations 
among habitat variables. 
Pearson correlation values (Leschisin et al., 1992) were calculated to identify 
connections between wetland characteristics and obligate avifauna use. A vifauna 
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similarity between the reference site and the constructed wetlands was tested using 
Horn's index of community similarity. Linear regression models were used to 
correlate avifauna richness and abundance with habitat characteristics (wetland size, 
habitat diversity, etc.). Stepwise multiple regression (Hicks and Turner, 1999) was 
used to determine significance of the variables included in the regression models. 
Statistical analyses were carried out using Minitab Release 13 for Windows (Minitab 
Inc., 2000) and SPSS Base 8.0 for Windows (SPSS Inc., 1998). 
Habitat diversity was analyzed using Shannon's index of habitat diversity. 
Habitat categories ( open water, vegetated areas within pond perimeter, shrubs, and 
trees) were calculated as percent coverage, as based on field observations. Small 
trees ( <2 m high) were categorized as shrubs. 
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III. RESULTS 
3.1 Avifauua Survey 
A total of2,613 birds were observed from 67 species (Appendix C). Of the 
0 
2,613 individuals counted, 38% were obligate wetland species. Red-winged 
blackbirds (Agelaius phoeniceus) were observed most frequently (427), followed by 
wood ducks (Aix sponsa) (208) and green herons (Butorides striatus) (107) 
(Appendix C). Song sparrows (Melospiza melodia) were observed more frequently 
than any other non-wetland species (276). 
The largest and oldest constructed wetland (Wetland 17) had the greatest 
species richness ( 46), while two middle-aged, shallow wetlands (Wetland 16 and 25) 
had the lowest (16). Obligate species richness was highest in the largest constructed 
wetland (9) and lowest in two of the smallest (0.1 ha) wetlands (3 and 2). Total 
species abundance was greatest in Wetland 17 ( 467), while one of the smallest 
wetlands (Wetland 33) had the lowest (68). Obligate species abundance was greatest 
in Wetland 17 (208) and lowest in Wetland 33 (13). Wetland 20, with intermediate 
size and depth, had the highest species diversity (l.415), while Wetland 16 had the 
lowest (0.666). Wetland 25 (7 yrs. old, 0.6 ha, and 23 cm avg. depth) had the highest 
percentage of obligate species (38%) and Wetland 33 (4 yrs. old, 0.1 ha, and 39 cm 
avg. depth) had the lowest (10%) (Table 2). Constructed wetlands are attracting 
obligate birds in richness, abundance, and diversity that exceed the numbers observed 
at the reference site (34, 193, and 1.376, respectively). 
16 
Table 2. Summary of avifauna observations at the Beaver Creek Complex wetlands, in 
Menifee County, and the reference wetland, in Rowan County, Kentucky. 
Obligate Percent 
Species Obligate Species Species Species Obligate Species 
Wetland Richness Richness Abundance Abundance Seecies Diversity (H') 
1 29 6 146 35 21% 1.305 
7 33 7 202 73 21% 1.260 
14 37 7 324 202 19% 1.018 
16 16 3 203 129 19% 0.666 
17 46 9 467 208 20% 1.383 
20 35 8 167 44 23% 1.415 
25 16 6 121 50 38% 0.944 
33 21 2 68 13 10% 1.182 
34 23 4 93 22 17% 1.157 
35 35 5 172 32 14% 1.333 
36 23 4 117 24 17% 1.201 
38 32 5 238 52 16% 1.329 
40 22 5 102 27 23% 1.111 
REF 34 5 193 40 15% 1.376 
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3.2 Habitat 
Twenty-four species of emergent and submergent plants were observed within 
the constructed wetlands (Table 3). Dominant emergent vegetation within the 
perimeter of the ponds included broad-leaf cattails (Typha latifolia), rice cutgrass 
(Leersia oryzoides), and rush (Juncus acuminatus). Leafy pondweed (Potamogeton 
foliosus), long-leaf pondweed (Potamogeton nodosis), and marsh purslane (Ludwigia 
palustris) were the most common submergent plants. Emergent cover was sparse 
compared to submergent cover, with 93% of the ponds having less than 50% of their 
area covered. Submergent plant coverage was dominant, with 36% of all ponds 
containing 50% or greater coverage (Appendix B). 
Percent emergent and submergent plant coverage were not significantly 
correlated with wetland age (p = 0.409, R2 = 0.063 andp = 0.534, R2 = 0.036). 
Vegetative cover was similar throughout the constructed wetlands regardless of age. 
Percent emergent plant cover was significantly negatively correlated with average 
depth (p = 0.032, R2 = -0.353) within constructed wetlands while there was no 
correlation between percent submergent plant cover and average depth (Figure 2). 
Physical characteristics of wetlands varied within the Beaver Creek Complex. 
Most ponds were elliptical or rectangular in shape, but a few (Wetlands 14, 17, 36, 
and 38) had irregular shorelines. All wetlands had an average depth less than I 
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Table 3. Summary of vegetative characteristics for each study wetland in the Beaver Creek 
Complex and the reference wetland. 
Wetland Age Size % % % Dominant Species 
(yr) (ha) Emergent Submergent Open 
1 11 1.9 17.0 0.0 83.0 Typha latifolia 
7 8 0.9 18.2 55.0 26.6 Ludwigia palustris 
14 8 1.3 31.4 53.8 14.7 Potamogeton foliosus 
16 7 0.1 46.8 9.3 43.7 Leersia oryzoides 
17 11 2.6 26.3 43.5 29.5 Potamogeton nodosis 
20 5 0.7 21.6 78.3 0.0 Potamogeton foliosus 
25 7 0.6 49.6 39.3 10.6 .Potamogeton nodosis 
33 4 0.1 28.3 71.6 0.0 Ludwigia palustris 
34 4 0.6 43.6 42.6 13.8 Ludwigia palustris 
35 2 0.6 38.8 61.0 0.0 Ludwigia palustris 
36 2 0.4 43.4 43.2 14.4 Juncus acuminatus 
38 I 0.6 3.7 51.2 44.8 Lysimachia nummularia 
40 1 0.1 28.5 0.0 71.4 Juncus acuminatus 
REF >75 0.8 20.6 3.4 75.8 Nup_har luteum 
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Figure 2. Relationship between percent emergent vegetation and average depth of 
constructed wetlands. 
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meter. Wetland 1 had the greatest average depth (x = 80.8 cm), while Wetland 25 
had the shallowest (x = 22.7 cm) (Table 1). Wetland 25 had the largest change (3.69) 
in macrotopography, with Wetland I displaying the least amount (1.69) of 
bathymetric change. Change in depth was not significantly correlated with avifauna 
species richness (p = 0.222, R2 = 0.121, Figure 2). There was a positive trend with 
avifauna richness increasing with increased change in depth, but this relationship was 
not statistically significant. Varying degrees ofmacrotopography within the ponds 
did not act as a selective force for birds. Bathymetric variance, alone, is not the key 
factor for increasing species richness on ponded wetlands. 
Mean soluble reactive phosphorus (p = 0.014) (Figure 3) and mean 
chlorophyll a (p = 0.000) (Figure 4) concentrations were not significantly correlated 
to wetland age. A positive trend suggests that phosphorus and chlorophyll a 
concentrations increase as wetland age increases, but these results were not 
statistically significant. Overall, mean SRP and chlorophyll a concentrations of 
constructed wetlands were lower when compared to the reference pond. The 
reference wetland had the greatest values of SRP and chlorophyll a when compared 
to the constructed wetlands. Ammonium-nitrogen (p = 0.840) and nitrate-nitrogen (p 
= 0.909) concentrations were not significantly correlated with wetland age. 
Ammonium-nitrogen and nitrate-nitrogen concentrations in many of the constructed 
wetlands were similar or higher than the mean concentration of both nutrients in the 
reference wetland. Overall, Beaver Creek wetlands appear to have similar 
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Figure 3. Relationship between soluble reactive phosphorus (SRP) concentrations 
and wetland age. 
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Figure 4. Relationship between chlorophyll a concentrations and wetland age . 
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hydrological conditions to the reference wetland, allowing for similar or greater 
nutrient levels to establish over time. 
3.3 Habitat-Avifauna Relationship 
Wetland size was significantly correlated with species richness (p = 0.003, R2 
= 0.526) (Figure 5) and abundance (p = 0.002, R2 = 0.553) (Figure 6) but not with 
species diversity (p = 0.136, R2 = 0.176). Results of the study indicate wetland size 
(pond area and perimeter) is an important factor within the landscape for determining 
avifauna use, but wetland size is less important when focusing on species diversity 
within this wetland complex. 
Wetland age was not significantly correlated with species richness (p = 0.202, 
R2 = 0.046), abundance (p = 0.768, R2 = 0.008), or species diversity (p = 0.395, R2 = 
0.061). Wetland 38, a one year old pond, had a species richness of 32, compared to a 
richness value of29 for a eleven year old pond (Wetland 1). Avifauna were as 
diverse and abundant in young ponds as they are in older ponds. 
Size and ammonium-nitrogen were significant contributors to species richness 
based on a stepwise multiple regression analysis testing physical and chemical 
variables. Age, percent vegetation, habitat diversity, phosphorus, nitrate, and 
chlorophyll a did not contribute significantly to species richness differences within 
wetlands. 
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Figure 5. Relationship between avifauna species richness and wetland size . 
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Constructed wetlands varied in community similarity to the reference site. 
Twelve of thirteen constructed sites had a similarity of 50% or greater when 
compared to the reference site, but none were greater than 76% similar (Table 4). 
The greatest overlap between wetlands and reference site was seen in ponds that were 
constructed less than five years ago (Wetlands 34, 35, 38). Currently, constructed 
ponds do not support similar densities or individual avifauna species compared with 
the reference site. 
Principal components analysis (PCA) separated the fourteen sites primarily 
along the first principal component axis (PRINl). This axis accounted for 37.6% of 
the variance (Table 5). Additional meaning for the variation was explained by 
principal component 2 (PRIN2), which accounted for 22.4% of the variation. 
Together PRINl and PRIN2 account for 60% of the variation (Table 5). Examination 
of the eigenvectors indicates wetlands to the right of the zero on the x-axis have a 
percentage of open water, high amounts of shrubs, a greater average depth, and a 
larger size (Table 5, Figure 7). Since their corresponding eigenvectors are positive, 
this suggests a positive correlation between these habitat variables and the ponds 
found in this clustered area (Figure 7). Those same ponds have smaller percentages 
of vegetative cover (both emergent and submergent) and are older to the right of zero 
on the x-axis since their eigenvectors have negative values, suggesting a negative 
correlation. Since PRINl has similar values overall, it shows that morphological 
features (size and depth) and open water are important variables for separating out 
bird use of the constructed wetlands. 
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Table 4. Results of avifauna community similarity values when compared 
to the reference site 
Wetland 
I 
7 
14 
16 
17 
20 
25 
33 
34 
35 
36 
38 
40 
R, 
0.688 
0.620 
0.525 
0.479 
0.665 
0.683 
0.545 
0.614 
0.742 
0.752 
0.671 
0.710 
0.567 
Where R, is the community overlap. 
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% Overlap 
68.8 
62.0 
52.5 
47.9 
66.5 
68.3 
54.5 
61.4 
74.2 
75.2 
67.1 
71.0 
56.7 
Table 5. Eigenvectors, eigenvalues, and proportion of variance from 
principal component analysis of habitat variables from fourteen wetlands. 
PRINl PRIN2 
Eigenvectors 
¾Open 0.456 0.255 
% Emergent -0.443 0.136 
% Submergent -0.431 0.391 
% Shrub 0.375 0.377 
%Tree -0.332 0.637 
Depth 0.395 0.463 
Age 0.030 -0.547 
Size 0.477 0.180 
Eigenvalue 3.01 1.79 
Proportion 0.376 0.224 
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PRIN2 
Figure 7. Principal component scores on PRINI and PRIN2 for fourteen wetlands. Mean weighted abundances of seven 
obligate wetland bird species, are plotted on the graph. 
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PR1N2 has more emphasis placed on amounts of vegetation within or 
surrounding the wetlands. The variables that have the greatest weight separating the 
populations on PR1N2 include the percentage of submergent vegetation, percentage 
of trees, average depth, and age (Table 5). These variables are important for 
separating out avifauna use of constructed wetlands based on vegetative parameters 
within and around each study wetland. 
To further explain separations of variables among constructed wetlands, 
weighted values (weighted by abundance) of each obligate species were plotted on 
the first two PC axis (Figure 7). This allows comparison of the center of habitat use 
by each species. Most species are concentrated right of center on PRJNl, suggesting 
a preference for larger wetlands with more open water. Species associated with 
larger, more open wetlands include wood duck, Canada goose, and belted kingfisher. 
These findings are in accord with published descriptions of habitat choice for these 
species (Hamas, 1994; Palmer-Ball, Jr, 1996; Hepp and Bellrose, 1995). 
Six wetland characters were found to correlate significantly with obligate 
avifauna use (Table 6). Wetland size was a significant factor affecting avifauna use, 
particularly waterfowl use. Wood ducks, American coots, and pied-billed grebes 
were consistently found in constructed ponds greater than 0.5 hectares in size. Belted 
kingfishers were significantly influenced by wetland size, as well as average depth, 
for selecting areas of feeding. Kingfishers were the only species significantly 
affected by water depth. 
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Table 6. Correlations between obligate avifauna use and morphological, vegetative, and habitat characteristics 
of constructed wetlands in the Beaver Creek Wetland Complex. 
Obligate Species Size Mean Depth Habitat Diversity %Emergents %Shrubs %Water 
Canada Goose 0.381 0.205 0.283 -0.407 0.143 0.056 
Great Blue Heron 0.430 -0.124 0.062 -0.051 0.148 0.121 
Green Heron 0.435 0.198 0.204 -0.593* 0.176 0.147 
Wood Duck 0.762* 0.438 0.466 -0.252 0.672* -0.116 
Mallard 0.510 0.141 0.052 0.085 0.258 -0.316 
Hooded Merganser 
-0.044 -0.103 -0.399 -0.096 -0.155 -0.305 
Belted Kingfisher 0.702* 0.581 * 0.592* -0.820* 0.548* 0.558* 
Pied-billed Grebe 0.729* 0.532 0.533* 
-0.375 0.719 -0.011 
American Coot 0.729* 0.532 0.533* 
-0.375 0.719* -0.011 
Red-winged Blackbird 0.187 0.030 0.339 0.060 -0.026 -0.058 
* Correlation is significant at the 0.05 level 
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Habitat diversity was important to belted kingfishers, pied-billed grebes, and 
American coots. All three species preferred larger wetlands with varying types of 
habitat characteristics, including increased percentage of shrubs for additional 
foraging and hiding areas (Table 6). Wetland 17 was the largest wetland with the 
greatest habitat diversity, meeting the requirements for use by pied-billed grebes and 
American coots. 
Two vegetative variables influenced use by obligate bird species. Percentage 
of emergent plants was negatively correlated with green heron and belted kingfisher 
presence. Percentage of shrubs within the wetland perimeter was positively 
correlated with use by wood ducks, American coots, and belted kingfishers. The 
opposite of these two variables, percentage of open water, was a significant factor for 
attracting belted kingfishers. 
3.4 Habitat Analysis 
Each wetland differed slightly in terms of habitat composition. Three of 
fourteen wetlands were dominated by open water (>50%), including the reference site 
(Figure 8). The rest of the ponds (11 of 14) were dominated by vegetation, mostly 
submergent. Trees and shrubs composed small proportions of each wetland, due to 
the young age of many constructed ponds. 
Habitat diversity was significantly correlated with species abundance (p = 
0.036, R2 = 0.317), but not with species richness (p = 0.690, R2 = 0.014), percent 
obligate species (p = 0.968, R2 = 0.000), or species diversity (p = 0.499, R2 = 0.039). 
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Those ponds with a higher habitat diversity number had larger abundances of 
avifauna, but not necessarily obligate abundance. Surprisingly, pond size (p = 0.188, 
R2 = 0.140) and water depth (p = 0.379, R2 =0.065) were not correlated with habitat 
diversity, with some larger ponds maintaining a homogeneous habitat. Habitat 
diversity was significantly correlated with change in depth/lOm (p = 0.04) (Figure 9), 
with wetlands containing high degrees of microtopographical relief supporting more 
habitat diversity. 
3.5 Breeding Evidence 
Evidence of breeding at the wetlands was observed on 9 June, 14 July, and 4 
and 11 August. Three hatchling pied-billed grebes were seen on 9 June at Wetland 
3 8. Additional sightings of grebe hatchlings, thought to be the same individuals, 
occurred on 14 July, 4 August, and 11 August. Previous to this sighting, breeding 
pied-billed grebes had not been recorded within Menifee County (Beibighauser, 
personal comm., Pahner-Ball, 1996). These birds spent their time moving back and 
forth between wetlands within the complex. 
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Figure 9. Relationship between wetland habitat diversity and change in depth of 
constructed wetlands. 
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IV. DISCUSSION 
4.1 Wetland-Avifanna Relationship 
The constructed wetlands in this study supported avifauna diversity and 
abundance similar to the natural wetland. Wetland 17 appears to be the most 
successful constructed wetland in terms of use by a vi fauna. Wetland 17 had the 
highest total species richness and total species abundance, along with the greatest 
obligate richness and abundance. These numbers exceed the values for similar 
categories recorded for the reference wetland. Both Wetland 17 and the reference 
wetland had similar landscape placement, but differed in type and amount of habitat 
available to avifauna. Wetland 17 hail a greater habitat diversity (0.493) than did the 
reference wetland (0.239). Open water and emergent vegetation were the dominant 
habitat types within Wetland 17. Hemaseth and Dinsmore (1993) found that larger 
emergent zones offered a variety of nesting habitats, plentiful food supplies, and 
better protection from predators for many marsh species. This study supports the 
previous findings that larger constructed wetlands attract more species, in larger 
numbers, than do smaller wetlands. 
Size of constructed wetlands proved to be a significant factor for determining 
richness and abundance of avifauna, but not for judging species diversity within the 
wetlands. Past studies (Haight and Reeder, 1997; Grover and Baldassarre, 1995) 
found that wetland size did not correlate with species richness, abundance, or 
diversity. Fairbairn and Dinsmore (2001) studied large wetland complexes (44 to 144 
ha) and found larger wetlands increased available niches, creating additional habitats 
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for increased amounts of avifauna to occupy. Yet, Brown and Smith (1998) found 
smaller, more structurally diverse sites with abundant emergent zones to support 
similar numbers of species when compared to large wetlands with more open water. 
In this study, size is an important factor, in part because species found in these 
wetlands (pied-billed grebe, wood duck, etc.) require larger areas to fulfill their life-
history requirements. Size, along with additional habitat variables (habitat type and 
diversity), must be considered when planning created wetlands to meet species-
specific goals. Larger constructed wetlands are attracting similar or greater 
facultative and obligate species when compared to the reference wetland, just not in 
the same proportions as the reference wetland. 
Average depth was not correlated with species richness, abundance, or 
diversity. Change in depth/I Om is significantly correlated with habitat diversity (p = 
0.04). Constructed wetlands with more variation in microtopography support a 
greater habitat diversity and interspersion of open water and vegetation. Those ponds 
with a higher value are ponds with variation in the microtopography, creating more 
available habitat for waterfowl and other species to occupy. Higher degrees of 
microtopographical relief allow vegetation to establish intermittently amongst areas 
of open water. Larger constructed wetlands with varying microtopographical relief 
(Wetland 17) allow for various species to occupy a single pond. 
Age of constructed wetlands was not correlated with species richness or with 
obligate species richness. Wetland age was not a factor in determining avifauna 
richness within this study, possibly due to the proximity of the constructed wetlands. 
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Avifauna movement between ponds can facilitate the establishment of wetland 
vegetation on newer ponds. Also, recovery and replacement of topsoil from the 
excavated ponds may increase hydrophyte replacement if the topsoil acts as a seed 
bank (Stauffer and Brooks, 1997). The establishment of habitat characteristics 
(available food source, cover, etc.) needed by birds increase the chance of use by 
various species. Wetland 20 (5 years old) attracted more bird species (35) and more 
obligate species (9) than Wetland 1 (11 yrs. old), Wetland 7 (8 yrs. old), and Wetland 
25 (7 yrs. old). Age did affect chemical constituents. Our findings are consistent 
with wetlands being sinks for phosphorus and transformers or removers of nitrogen. 
Community similarities between constructed wetlands and the reference site 
indicate that Wetland 35 was the most successful wetland in attracting species similar 
to the reference site. Wetland 35 had similar species richness, obligate species 
richness, and percent obligate species when compared to the reference wetland (Table 
2). Species abundance was slightly lower in Wetland 35 compared to the reference 
site. In terms of habitat characteristic comparisons, Wetland 35 and the reference 
wetland are strikingly different, with Wetland 35 dominated by submergent 
vegetation and the reference wetland dominated by open water. Each wetland 
attracted similar species through different habitat characteristics. Heavy patches of 
submergent vegetation prevented certain species (diving ducks, herons, etc.) from 
inhabiting Wetland 35 compared to the reference wetland. Despite these habitat 
differences, Wetland 35, two years since construction, was able to provide similar 
diversity and abundance of avifauna. 
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All but one of the constructed ponds was 50% similar or greater to the 
reference site in terms of species composition and abundance (Table 4). Yet, 
Wetland 34 had lower species richness, species abundance, and species diversity 
compared to the reference but was 74% similar to the control site. Overall, Hom's 
community similarity index does not provide sufficient support that constructed 
wetlands are attracting avifauna in similar richness and abundance compared to the 
reference site. 
Morphological characteristics were important in determining vegetative 
establishment and avifauna use. Average depth was a key factor in determining 
percentage of emergent, submergent, or open water found in each wetland. Wetlands 
with the greatest average depth had the smallest percentage of emergent vegetation. 
This created prime feeding and nesting areas for wood ducks, which were primarily 
found on ponds with the greatest average depth. Shallower ponds had increased 
emergent vegetation stands, attracting a larger percentage of species adapted for this 
habitat. These findings suggest that birds are selecting ponds based on particular 
habitat variables (Monfils, 1996), such as emergent vegetation, and that particular 
physical attributes ( depth, size, and age) are influencing structure seen on each 
constructed wetland (Leschisin et al., 1992). Therefore, when constructing wetlands 
both types of habitats should be included, rather than making "bathtub shaped" 
wetlands, ponds, or cattail wetlands that will attract only one type of bird. 
The establishment of avifauna communities on constructed wetlands, similar 
to a natural system, so early in their development is encouraging. Brown and Smith 
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(1998) found similar results for restored wetlands in New York, but they discouraged 
extrapolating these results beyond the present time. We suggest the same caution 
should be exercised for the Beaver Creek Wetland Complex. Some wetlands are 
already showing signs of stress upon current habitat conditions. Muskrats threaten 
many ponds by destroying artificial darns and eradicating certain plant species 
through herbivory. Multiple wetlands in this study have the potential to produce 
monotypic cattail stands that threaten open water foraging areas for herons, 
waterfowl, and other diving species (Brown, 1999; Brown and Smith, 1998). 
Proximity of wetlands, although not investigated in this study, has been found 
to be an important factor in attracting species to constructed/restored wetlands. 
Leschisin et al. (1992) found higher waterfowl abundance when constructed wetlands 
were 60 meters or greater apart from one another, while Brown and Dinsmore (1986) 
found smaller marshes to contain more species when these marshes were placed 
within a wetland complex. This study found similar results, with younger, less 
established wetlands containing obligate species richness values that rivaled the 
oldest wetlands in the complex. These findings provide support for an inverse 
relationship between habitat diversity and avifauna richness in the constructed 
wetlands. The proximity of older, established wetlands around younger wetlands 
may provide increased bird activity than if the younger wetland stood alon_e. 
Fairbairn and Dinsmore (2001) suggested that wetland bird species might first be 
attracted to areas that have a larger percentage of the landscape covered by wetlands. 
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It is then that they select specific wetlands in which to feed or nest from, based on 
habitat characteristics. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
Overall, these constructed wetlands are attracting obligate species that are 
dependent on wetlands for part or all of their life cycle. Evidence of breeding 
individuals (red-wing blackbird, wood duck, and pied-billed grebe) further suggest 
these constructed wetlands are providing sufficient resources (food, habitat, and 
hydrology) required by obligate wetland species. Further investigations into breeding 
individuals may elicit more specific information as to what is attracting particular 
species to particular wetlands. 
These constructed wetlands are attracting obligate avifauna, but they are 
unable to do so to the extent of natural wetlands. A challenge for wetland designers 
would be to construct self-sufficient wetlands. This design allows for the wetland to 
reach and maintain functional status without human inputs. This type of wetland 
construction would be most beneficial if built on land flooded or saturated in the past. 
Additionally, constructing wetlands similar to natural sites found in the area greatly 
increase chances of attracting local wetland species. This can be accomplished using 
the HGM model to determine the wetland type that naturally occurs in the area. This 
may consist of riverine wetlands or bottomland hardwood wetlands that will attract 
additional species not found in open, depression wetland areas. 
Continuous monitoring of plant and avifauna communities will provide 
information regarding the succession of young wetlands. The USFS periodically 
monitors each wetland for avifauna use and general maintenance concerns. Tracking 
avifauna use over years will provide a wetland manager more accurate information 
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regarding use by local and migratory birds and allow for further development of 
habitat variables that help make constructed wetlands function like natural wetlands. 
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AVIF AUNA OBSERVATIONS BY WETLAND SITE 
81 
Wetland# 
Common Name Scientific Name 1 7 14 16 17 20 25 33 34 35 36 38 40 Ref Abun 
Canada Goose* Bran/a canadensis 1 3 18 0 21 13 6 0 0 0 0 16 18 0 96 
Great Blue Heron* Ardea herodias 1 I I 0 3 2 4 0 0 0 0 0 0 4 16 
Green Heron* Butorides striatus 8 9 8 2 13 7 6 0 I 14 5 20 I 13 107 
Wood Duck* Aixsponsa 6 14 17 6 85 11 25 I 6 11 10 5 0 11 208 
Mallard* Anas platyrhynchos 0 I 5 0 8 4 7 0 0 2 0 0 2 0 31 
Hooded Merganser* Lophodytes cucullatus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 I 
Belted Kingfisher* Megaceryle alcyon 7 4 4 0 11 I 0 0 I 2 2 9 5 6 52 
Pied-billed Grebe* Podilymbus podiceps 0 0 0 0 13 0 0 0 0 0 0 0 0 0 13 
American Coot* Fulica americana 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 
Red-winged Blackbird* Agelaius phoeniceus 12 41 149 121 52 5 2 12 14 3 7 2 I 6 427 
White-throated Sparrow Zonotrichia albicollis 0 2 0 0 8 5 0 I 0 12 1 2 17 5 53 
Northern Mockingbird Mimus polyglot/us I 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Song Sparrow Melospiza melodia 22 23 23 32 21 14 39 10 12 23 22 18 7 10 276 
Tree Swallow lridoprocne bicolor 6 0 0 5 0 4 I 0 5 1 0 1 0 5 28 
Common Yellowthroat Geothlypis trichas 6 6 5 9 11 6 9 5 3 3 7 2 0 5 77 
Chimney Swift Chaetura pelagica 4 1 1 0 0 0 0 0 0 0 0 1 0 0 7 
Indigo Bunting Passerina cyanea 12 7 6 2 1 11 10 4 1 11 3 7 8 4 87 
American Goldfinch Carduelis tristis 10 5 2 3 2 0 3 2 6 11 6 3 15 6 74 
Yellow Warbler Dendroica petechia 1 I I 0 2 0 0 0 0 2 1 0 0 0 8 
82 
Wetland# 
Common Name Scientific Name I 7 14 16 17 20 25 33 34 35 36 38 40 REF Abun 
Gray Catbird Dumetella carolinensis 6 8 2 3 9 7 0 I 0 3 5 8 I 3 56 
Yellow-breasted Chat I cteria virens 3 0 I 0 2 0 0 I 2 0 0 I I I 12 
Rough-winged Stelgidopte,yx ruficollis 7 7 11 9 33 3 2 2 2 4 0 6 0 6 92 
Swallow 
Red-eyed Vireo Vireo olivaceus 4 5 I 0 0 5 2 2 2 I 0 0 0 0 22 
White-eyed Vireo Vireo griseus 8 6 3 0 12 12 0 6 0 I 0 5 2 2 57 
Eastern Phoebe Sayomis phoebe 2 2 2 0 I 2 2 0 I 6 3 20 0 7 48 
Bluejay Cyanocitta cristata 6 4 2 2 16 2 I 3 I I 0 0 I 6 45 
Tufted Titmouse Parus bicolor 2 3 I 0 I 2 0 I 0 0 4 6 2 I 23 
Northern Cardinal Cardinalis cardinalis 3 3 2 4 10 4 0 4 4 8 3 3 5 18 71 
Yellow-billed Cuckoo Coccyzus americanus I 0 0 0 0 2 0 0 I 0 0 0 2 0 6 
Downy Woodpecker Picoides pubescens 3 2 2 0 15 2 0 0 0 7 0 6 I 3 41 
Common Flicker Colaptes aura/us I 4 3 I 6 I 0 2 0 I 0 0 0 I 20 
Red-shouldered Hawk Buteo lineatus I I I 0 0 I 0 0 0 0 0 0 0 0 4 
Common Grackle Quiscalus quiscula 0 0 6 0 11 0 0 0 0 2 0 5 0 10 34 
Cedar Waxwing Bombycilla cedrorum 0 25 0 23 9 0 0 0 0 0 0 0 0 0 57 
American Crow Corvus brachyrhynchos 0 0 10 I 5 9 2 0 16 4 2 20 8 26 103 
Hairy Woodpecker Picoides villosus 0 I 0 0 2 0 0 0 0 0 0 0 0 0 3 
Turkey Meleagris gallopavo 0 0 0 0 I 0 0 0 0 1 0 0 0 0 2 
Eastern Kingbird Tyrannus tyrannus 0 0 0 0 8 0 0 0 0 0 0 0 0 0 8 
Blue-winged Warbler Vermivora pinus 0 I 0 0 I 0 0 0 0 0 0 0 0 0 2 
83 
Wetland# 
Common Name Scientific Name 1 7 14 16 17 20 25 33 34 35 36 38 40 REF Abun 
Carolina Wren Thryothorus 0 3 2 1 0 5 0 1 1 4 10 4 1 4 36 
ludovicianus 
European Starling Sturnus vulgaris 0 0 19 0 11 0 0 0 0 0 0 0 0 2 32 
Rufous-sided Towhee Pipilo erythrophthalmus 0 0 2 0 0 1 0 2 0 3 0 5 0 0 13 
Red-bellied Melanerpes carolinus 0 0 2 0 2 0 
Woodpecker 
0 0 0 1 1 0 0 1 7 
Yellow-throated Vireo Vireo jlavifrons 0 1 1 0 0 0 0 0 3 0 0 4 0 0 9 
Blue-gray Gnatcatcher Polioptila caerulea 0 0 2 0 3 3 0 0 0 0 0 13 2 0 23 
Ruby-throated Archilochus colubris 0 0 1 0 0 0 0 0 0 1 1 3 0 0 6 
Hummingbird 
Brown Thrasher Toxostoma rufum 0 0 2 0 0 1 0 1 0 0 0 1 0 0 5 
American Robin Turdus migratorius 0 0 1 0 0 0 0 0 0 0 0 0 0 11 12 
Mourning Dove Zenaida macroura 0 0 0 0 2 4 0 0 0 0 0 0 0 0 6 
Northern Parula Paruta americana 0 0 0 0 0 0 0 0 1 2 3 0 0 0 6 
White-breasted Silla carolinensis 0 0 0 0 0 0 0 0 0 4 4 4 0 0 12 
Nuthatch 
Orchard Oriole Icterus spurious 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
Yellow-rumped Dendroica corona/a 0 0 0 0 1 0 0 0 0 1 0 0 0 0 2 
Warbler 
Golden-crowned Regulus satrapa 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
Kinglet 
Eastern Bluebird Sialia sialis 0 0 0 0 0 0 0 0 0 0 2 0 1 4 7 
Acadian Flycatcher Empidonax virescens 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
Brown-headed Molothrus a/er 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Cowbird 
84 
Wetland# 
Common Name Scientific Name 1 7 14 16 17 20 25 33 34 35 36 38 40 REF Abun 
Black Vulture Coragyps atratus 0 0 0 0 6 0 0 0 0 0 0 0 0 0 6 
Black& White Mniotilta varia 0 0 0 0 4 0 0 0 0 0 0 0 0 0 4 
Warbler 
Cliff Swallows Petroche/idon 0 0 0 0 12 0 0 0 0 0 0 0 0 0 12 
pyrrhonota 
Palm Warbler Dendroica palmarum 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
Pileated Dryocopus pi/eatus 1 3 0 0 2 1 0 3 1 1 0 1 1 1 15 
Woodpecker 
Carolina Parus caro/inensis 1 4 0 2 7 6 0 4 8 19 14 33 0 6 104 
Chickadee 
Turkey Vulture Cathartes aura 0 1 2 0 5 1 0 0 1 0 0 4 0 2 16 
Field Sparrow Spizella pusi/la 0 0 0 0 0 0 0 0 0 0 0 0 0 I 1 
Killdeer Charadrius 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 
vociferous 
Yellow-bellied Sphyrapicus varius 0 0 0 0 I 0 0 0 0 0 0 0 0 0 1 
Sa sucker 
67 Total Species Total Abundance: 2,613 
* Obligate Wetland Species 
85 
